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NATICONAL ADVISORY COMMITTEE FOR AERONAUTICS

TESHRICAL NOTE Wo. 1120

STANDERD NONENCTLATURE FOR AIRIPEEFDS WITH TABLES
ND CEARTS FOR USE IN CALCULATION OF AIRSPEED
By William S. Aiksn, Jr.

SUMMARY

Symbols and definitions of various alrspesd terms
that have been adopted as standard by the NACA Subcon=
mittee on Aircraft Structural Design sre presented. The
equations, charts, and tables required in the evaluation
of true sirspeed, calibrated sirsveed, equivalent alr=
syeed, impact =snd dyramlc oressures, and MNach end Reynolds
numbers have been compileds Tables of the standard
atmosphers to an altitude of 65,200 feet and a tentative
extension to an altitude of 100,000 fset are given along
with ths basic equations and constants on which both the
standard stmosphere and the tentative extenslon are based,

INTEODUCTION

In snalyses of aerodynamic data very often wind-
tunnel or flight msasurements must be converted into alr-
speed and related quentities that are used in sngineering
calculations, Attsmpts to accomplish such conversion by
use of avallable methods have been comdllicatsd by the
diversity of sywmbols end definitions and by the necessity
of referring to equations, charts, and tables from a
numder of different sources. A standard set of symbols
and definitions of various alrspssd terms that wsre
gdopted by the FWACA Subcommitiees on Lircraft Structursl

Design and a compilation of the nscsssary equations, charts,

and tables for converting messured pressures and temperw
atures into alrspeeds, determining Mach numbars znd
Reynolds nunbers, snd determining other quantities such
as dynemlic and iwnact pressurss that sre of intersest sare
therefors presented hercin.

In the preparation of ths pressnt paper results
that have been included iIn »revious papors have been
extanded to Iincluds higher altitudss and quantlties not
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glven in the nprevious ps&nsr:, since recsnt requests hsave .
indicated the need for such an extension of standard-
stmosphere tables. o

The tables and figurec have baen arranged for ecase
in determination of the airspeed, which I1s usually bused
on the interpretation of measurerew*s of dlfferential
rressures obtalned with some pltct-stetlc arrangement.
The interrelation of the various alrspeed quantitiecs 1s
independent of the method used in the measurement.
Instrument and installation errors have been assumed to
have been taken lato account.

STAVDARD SY:BCIS AND DEFINITICNS

At the Novewmbver 19l meseting of the NACA Subcommittee
on Aircraft Structural Deslgn, represaﬁtativ frow the
Army, YNavy, CLA, WACA, end several alrcraft manufhctur S
adopbed &8s s*andavu the following uymbo*s and definltions
for airspeeds .,

v true airspeed

V4 indicated airspced (the reading of a differential-

prossure airspeed indicator, calibrated In '
accordance with the accepted standuerd adlsbatic -
formila to indicate true eirspeed for stendard

seu~levcl econditions only, unccrrscted for

inatrument and installaticn errors)

v calibrated airspeed (the alrspesed related to dif-
ferentisl pressure by the accepted standerd
adisbatic forrmula used in the calitration of
differential-pressure airspsed indicators and
eyual to truc alrspesd for stendard sva-level
condltions)

equivalent airspeed (Vcl/z) .

TUse of equivalsnt alraspeed in combination with
varlilous subscrints 1s customar;, particularly in struc-~
turael design, to éesignate various deslgn condltions. ’
Tt is suggested that the foregoing syrbols ke retalned -
intact when further subscripts are necessary.



w3

NAGA TN ¥o. 1120 3

Most of the following symbols, which are used hereln,
have already been accepted &s standard and are used
throughout aeronautical literature., The units given apply
to the development of the equationsin the present report.

v, true airspeed, feet per second

Ve calibrated airspeed, feet per second

Ve equivalent airspeed, feet per second

a speed of sound in ambient air, fset per second

1 Mach number (V/a)

P mass density of ambient air, slugs per cublc foot

Po standard mass denslity of dry amblent air at sea
ievel, 0.002373 slug per cubic foot

o) density ratio (p/pg)

¢] dynamic pressure, pounds per square foot (%pV2>

A Impact nressure, pounds per square foot (total
pressure minus static pressure p)

p static pressure of free stream, pounds per squarse
foot

pO statlc pressure of free stream under standerd sea-
level condltions, pounds per squars foobt

t temperature, OF or ©C

At difference between free-alr tempersturs and tem-
perature of standard etmosphere, OF

T absolute temperature, °F absolute or ©C absolute

Tstd standard-atmosphere free-air temperature, OF sbsolute

To standard sea-~level absolute temperature,
518.L OF absolute
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Ty, harmonic mean absolute temperature, OF absolute
(defined in equation (B5))

f compressibllity factor defined in equation (1l1)

To compressibility factor defined in equation (1€)

v ratio of gpecific heat at constant pressure to
specific heat at constant volume (assumed egqual

to 1.l for air)
absolute altitude, feet

hp pressure altitude, feet
& acceleration of gravity, 32,170 feet per second
per second
m modulus for common logarithms, logipe (0.l3h25lk)
& coefflclent of viscoslty, slugs »er foot-seccond
kinematic viscosity, sguare feet per second (u/p)
R Reynolds number (?%%

Rgyg Reynolds number for standard etmospheric condltlons

[ characterilstlc length, feet
CALCULATION OF AIRSPEED AND RELATED QUANTITIES

Because pltot-static arrangements are used as the
basls for the determination of airspeed, aeronautical
engineering practice has developed to include the use of
a number of alrspeed terms and quantltles, cach of which
has a particular fleld of usefulness. True slrspsed 1ls
nrincipally of usze to serodynamlcists, and indicated and
celibrated airspeeds are principally of use to pilots.
Equlvalent airspeed 1s used by struciural englneers,
gince all load specifications have long been based on
thls gquantity.

Definlte relationships exlst between true alrspssd,
Mach number, Reynolds number, calibrated alrspeed, and
equivalent alrspecd, and all these quantilities may be
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related elther to the dyhamic pressure q or to the
impact pressure gq,. Some of the relatlons presented

herein apply to tho calculation of true airspeed and
Kach number from airspeed measvrements obtained with an
airspecd indicator of standard calibration. ©Cther rela-
tions apply to the calculation of true alrspeed when the
Impact pressure is msasured directly.

If 1t 1s asgssumed that the total-hesd tube and the
static-head tube measure their respective pressures cor-
rectly and that these tubes are connected to an appro-
priate instrument, the impact pressure wmeasured is given
by the adiabatic equation when V < a:

{' _ X

rd - 'Y"’l
qc=p;(1+'fzvl%v2> -1 (1)
[ /

Standard airspeed indicators ussd in Army and MNavy
airplanes since 1925 have been calibrated according to
eguatlon (1) for standard sea-level conditions; that is,
sccording to the equation when V < a,

¥ - 1 Pp w1 .
qc=po<1+ ——‘rf) -1 (2)

wnere the subserint U denotes standard seas-level con-
ditions end V ls the calibratsd alrspeed. The celi-

brated airspeed is, therefore, equal to true sirspeed
only for standard sea-lcvel co ditions.
Determination of True Alrspeed
from Calibrated Alrspeed
The formula that relates the true airspeed to the
callbrated airspesd may be found by equating the right- -

hand terms of equations (1) and (2) as follows:

y ha

» (1+72 Lo v¢> -1 =Pp L(H = po 2>¥ -1 (3)
. Y P g
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RBecause the exact numerical solution of equation (3) for
true alrspeed 1s involved and requires a great deal of
time, a number of charts for the dstermination of the
true airspeed from the callbrated airspeed for varlous
atmospheric conditions have been derived. (See refer-
ences 1 to 3.) A typlcal chart (taken from reference 1)
that shows the relationshilp between Mach number, cali-
brated airspeed, pressure altlitude, tempsrature, and

true alrspeed 1s given in figure 1. This chart ls widely
used becauge of its convenience. Airspeed may be obtalined
froum this chart with an accuracy within 2 miles per hour
wien standard conditions hold and when values of airspecd
and pressure altitude expllicitly given by the chart are
chesen; the possible errors inersace to within 5 mlles
per hour, however, when the temperature conditions sare
not standard and when interpolation 1s requlred for both
gltitude and alrspeed.

For some purposes, charts such as figure 1 are not
sufficiently accurate. 4 series of logarithmic tables
that may be used to determine the true alrspeed in knots
from observed values of callibrated slrspeed, pressuvre
altitude, and free-alr tempersture 1is glven in reference L.
Logarithmic tables of the typs given in reference L are of
limited usefulness since they cannot be used convenlently
to evaluate the Intermediate gquantities (lmpact pressurs
and XMach number) that are involved 1in the computation of
true airspeed,

A seriles of tables (tables T to V) 1is given in the
prosent report to permlt determlinastion of impact pres-
sure q, In pounds per square foot, liach nunber M, and
true alrspecd V in miles per hour or knots for obscrved
values of V, in miles per hour or knots, pressurc alti-
tude hp in feet, and tempsrature in degrees Fahrenheltb
or Centigrade. The accuracy of the tables 1s far greater
than that with which experimental data can normally be
obtained, WW1lth ordinary care in interpclation, errors
should be less than 0.25 mile per hour throughout the
greater part of the alrspeed and altitude ranges.

Table I, which gives values of lmpact pressure g,
in pounds per square foot for values of V., 1in mliles per

hour, was computed directly from equation (2); standard
values were used for all the constants occurring in this
equation. Table II gives values of Impact pressure g

in pounds per square foot for values of V, in knots.
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In computing the values of ¢ in table II, the conver.-
sion from feet to nautical miies used was as fellows:

1 nauticsl mile = 6080.2 feet

Tables I and II give the impact pressures for V, in

increments of 1 mile per hour and 1 knot for speeds cor --
responding to Mach numbers at sea level from O to 1,000,

Table III gives values of statlc pressure p in
pounds per square foot for various values of pressure
altitude hy from ~1000 to 60,000 feet in increments of

100 feet and from 60,000 to 100,000 in increments of
1000 feet for standerd stmospheric conditions. (The use
of the term standardé abtmosphere throughout this report
includes values for the standard atmosphere up to an
altitude of 65,000 feeb and for the tentative extension
of the standerd atmosphere from 65,000 to 100,000 feet.,)
The values given in table III were computed from the
equation

= o = log, ,— !
P~ Pogm Tp S0 (%)

which is given as equation (4) of reference 5 with slightly
different symbols,

From tables I or II end III the rsatio of impact
pressure to static pressure q,/p may be established
and the Mach number, which is a function of this ratio,
may then be found, The rcletion between Mach number
and qo/p 1is g}ven in relference 6 as
[t

2/7 1/2
‘C£1+-i) -1 (5)

\p ™ 7 ]

Table IV, which is taken directly from reference 6, gives
values of - Mach number for various values of the
ratio qu/D.

M=y5

The Mach number M 1s defined as the ratio of the
true airspeed to the speed of sound in ambient air and
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thus, with the Mech numbsr determined, the true alrsnesd
may e found by the use of

V = Ms (&)

Ths speed of sound in amblent &air 1s found from the
aquation

o = vq;% (7)

wnich may be rewrltten in the following forms when the
value of & 1s assumed egual to 1.4 and the elr is
assumed to follow the gas law
o T
= . B 10

Tf a is in miles ver hour and T 1s 1In degrees Feshren-
heit absolute '

Az, I‘__LZ'\‘.'T. (3 )

]

£

If a 1is in knots and T 1is in degrees Fahrenheld
absolute

a = 29,02/T (Sn)

If 8 1is in mlles Jer hour and T 1s in degrees Csntlie-
grede ansclute

a = L. 8l /T (o)

If e ls in knots end T 1is in degrees Centlgrsde
absolute '

1

38, 9/T (le)

Table V glvss the speed of sound for values of fres-air
temouerature in degrees Fahrenhelt, and table VI gives the
sreed of sound for temperatures in degrses Centlgrade.
Tacles V and VI glve the speed of sound both in miles per
hour and 1n knots.

a

In order to i1llustrate the use of tablss I to VI to
determine the trus sirsveed from calibrated alrsvssd, the
following example 1s presented:
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Given:
Czlibrated alr speed V; = 398 miles per hour

Pressure altitude h, = 22,000 fset
Temperature t = =120 R

To find: _
True airsvwesd V 1in miles per hour
Step (1) _
From table I, for V, = 39¢ miles per hour,
Qe = l133.7 onunds ser square foot
Sten (2)
From teble TII, for hy = 22,000 feet,
n = £59%,.%2 nounds ner sguars foot
Step (3)

Pror these values,

do _ u33.7 _ 2. 185

D T 293.3 0
Step (L) 4o
From table IV, for = = 2.L:855,
¥ = 0,77%6
Step (5)

From teble V, for t = =129 F,
a = 706,9 miles per hour

Sten (&
By use of equation (6),
V= Ma = 00,7736 % 706.9 miles per hour

= 546,88 mtles per hour
Determination of True Airspesd from Impact Pressure

Tn order to convart measurements of impsact nressure
to true airsmeed, the static pressure and the sjesd of
gound must be known, It is convenlent first to determine
the Mach number from measurements of the impact jressure
and the static nressure. Table IV may be used to find
the iach number from the ratio of g to p and
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tables V.and VI may bs used to find tho speed of sound
for various values of the free-alr temperature. The trus
eirspeed may then be determined from equation (6).

Determination of Dynamic Pressurse and
Eguivalent Alrspeed

In order to reduce flight-test data to coefflclent
form or to demonstrate compliance with certaln structural
regulrements, either the dynamlc pressure q or the
equivalent sirspeed V 1must be determined, The relations
of dynamlc pressure and equivalent airspeed to impsact
pressure, stetic pressure, callbrated airspeed, and liach
raumber are therefore pressnted.

Since the dynamic pressure ¢q 1s by definition
1
a = 5pv? ()

it may be expressed as a functlon of the lmpact prsssure
by selving equatlion (1) for true airspeed and substituting
the resultant expression intc sguation (9), which rsduces
to

q = fq ' (10)

where

B — Y

|
£ =\ qc!—+:€)‘5-] . (11)

Values of the compressibility factor f are given in

figure 2 as a function of qg/p. The dynamic pressure
may also be expressed as a fun0uicn of Mach numbor and
static pressure from equations (6), (7), and () a

q = 'iz‘pr,sﬁ (12)

Since the egulvalent airspeed Vg 1s by definition

V, = Vcl/a = ‘T\/

{1.3)
o o= (13)
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the relation between the equivalent airspeed in miles _
per hour, lMach number, and pressure ratioc can be derived
from equations (6), é) {13}, and the gas-law equation

as
Ve = T60 93&\/‘; (1)

The variation, determined from equation (1l), of eguiva-
lent airspeed with Mach nunber for pressure altitudes
from U to 100,000 feet is given in figure 3. For con-
venisnce, the true alrspesd that appiies to the standard
atmosphere computed from equat*ons (lw) and (1) is also
inclucded in flgLre 3.

Finally, expressions that will relate the true alr-
speed, the calibrated airspeed, and the equivalent alr-
speed are determined. If ecuation (2) is solved for V.:

= = j
V, =y [t Qi Ze 1) ..1l —C (15)
\ v -1 a\Py \ o5
L.
It
i -1
_rt _Pol 9_0_”)? Y (16)
&'Y - 1 % |\ )
equation (15) becouses:
V. = £ ‘.:-_E.l.C_ (17)
c O\lp
y 70

The compreasibility factor £, 1is glven in figure 2 as
a funevion of q,/ppe Simllarly, the true alrspeed may
be written

o
=q
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#rom equations (17) and (18)

V=Vc§;- %Q (12)

Vhen equations (13) and (19) are summarlzad

£ [P Po .
V= Ve o= 2= V| —= (2¢)
© fo\/p °V o :

¥or convenlcencs, ecuations relating the varioua
alrspeed quantities are listed in apnendix A,

Dotermination of Reynolds Numbor
Irn comparisons of flight and wind-tunnel results
charts relating the Reynolas numnrer tce the Macsh number

have been found convenlent.

Reynolds number 1s deiined by the formula

- Vio

L = weearles I3
B

<ﬂ§
™
A\

where 1§ 1s &a charactsristic length such as the chord.
Tguation (21) may be written so that the Reyuolds nuwnber
is exvressed as & iunction of Mach numbsr and absolute
tesperasture in degrees Faohrenhelt for unlt values of the
characteristic length 1 as

-3_ = )IS‘ . OZPVT— ye )
A v

In order to Tacllitate the determinatlon of Reynolds
nurber, 'lzure lL has boen preparced to show the variation
off tho factor Rgyg/t with HMech number end pressure
altitude, where Rgty 1s the Reynolds number computed
on the basis of the standard atmosphere. Flours h(a)
holds Tor pressure altitudes from sea level to 59,000 feet,
and figure l(b) holds for pressure altitudes from £0,000
vn 100,000 feet,
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In orde» to account for free-air conditions other
than standard, flgure 5 is given to be used in conjunc-

2.518 15/2
109 T + 216

cation for the use ¢of this equation given in the section

sntitled "Properties of Standuard Agmosphere") is substi-

tuted into eguation (21}, ﬁhe Reynolds number factor may
be written

tion with figure L. When p = {Justifi-

T + 216

6 —
10 (23)
)

= 1,.,232pM

«ed

The Reynolds number factor in the standard atmosphere
becomes

R T + 216
_Efi = 1.232py-8%d > 106 (2h)
Tstd

When equation (23} is dividsd by equation (2l

Tqtg ™ + 216 '
( )( a * 216) (25}

Flgure 5 gilves R/Rgyq 88 & functlion of pressure alti-
tude and the deviation At of the free-alr temperature
from standard tcniperature for a given pressure altltude.
In equation form,

At = T = Tgpq (26)

The curves of figure 5 becoms stra;gut ines for pressure
altitudes sbovwe 35,3%2 fass3t, sincs atg 1= constant

sbove thic altitude rangs.

In order to 1illustrate the procedure to be used in
determining Reynolds number, the following example is
nresenbed: . :
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Given:
Mach number M = 0,75
Pressure altitude hn = 35,000 feet
Characteristic length 1 = 10 feet

Deviation of free-alr temperature from standard
temperature 4t = -10° F

To find:
Reynolds number R
Step (1)

From figure L(a), for M = 0,75 and
h, = 35,000 feet,

R?fd = 1,800,000 per fook
Step (2) oo
For 1 = 10 feet,
Rggg = 18,200,000
Step (3)

From figure 5, for hy, = 35,0C0 feet
and At = -10° F,

R
— = 1,036
Rstad

step (L)
BFrom these values,

R = 18,600,000
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PROPERTIES OF STANTATD LTMOSPFERS

For many gurnoses, =such £s8 nerformance arnd lned
alculations, the conceovt of a standard atmosphsres has
roved to be very useful. The United Stetes standard
tmosohere was offlceliglly adopted 1 1925 (”ef°r=nce 7).

refsrence 7 tables are given that are of most us
the calibration of Instruments. The propertiss of
nts atmoschere were originally tahulated by Dienl
refersnce 5),

R
h?

TamgRo
s

Table VIT gives the standeord atmospberic values

ul to altitudes of &5,000 fest and inzludes guantities
et have besn found tn9 bs of use In thn Interprastation
of sirspeed and rsleted fectors, Triese guantities are
the vreasure in »nounds per siyuers fococt, the prcessurs

In inchssa of watae, tne spesed of sound, the coefficient
of viscosity p, oné the kinermstic visceosity v. All
thie quantities giver in teble VIT sre in the Englich
system of unite for every 520 fsct of altitude up teo
b5 QCO feet.

Tha veluas givern in teble VITI for the cosificient
of viscoegity p and the kinasmetic vissosity v are
n>t standerd valuss since a standardization of alr
viseccsity has not bcen agresd upcn &s yet. The
values listed for u and v» are delleved to s
sarficiently sccurste, howsver, to bs useful in
calculations requiring viscozity of air.

For gltlitudes freom sea level to 35,000 feat, ths
prossure p  in pounds ner squar: fecct and in inchss of
witer was deterwrined from ths ratio p/po given in
raference 5 and values of ths res=urg et sza leval
of 2116.2 pounds per squnrs fost and 507.1 iuntes
of wutevr, The sea-leval preszure In poundz 7Her sSJULTe
£330t is hased on the pressurs in ianckes ol msroury
et 22C T of 29 021. Ths sea~-lietel rvressurs In indhes
of v usT is bo sn ths crsrsvis “n Inar.s of wmroury
At 527 F oend wutsr st 599 F. The preszire » 1n

E- F meroury for altitudes up to 55,000 feet is
Hen

M
e}
I"O

Airectly from refarencs 5.
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The gquantities mass density p ard density
ratio ¢ are also taken directly from reference § for
the altitudes from O to 35,000 fcet, For altitudes sver
35,070 feat the vressures, the mess density, and the
density ratio were rscalculated, since a nmiror error wes
dlscovered in the calculations of referenze 5 far the
wressure ratio for altitudes ebove 35,732 feet,

The quantity 1A/ 1s given to facllitate the
computetion of the true airspead V from the eguivslzant
airsgesd V.

T:e absolate tempersture in dsesgrees Fahrenheit was
obteined from referencs § excert for altitudcs above
72,000 fest, where interpolstion was neceszary st the
5Q00-fzct stetions,.

For resdy reference, the standard velues and the
rariaticon with 2ltituds of temmorstures and dsns.ty
sriginelly used in ths comsutetions for the standard
atnosvhere are includad in appendix B of the s»resent
REDOITa

T.e spveed of sound in riles ner hour comduatsé from
equation (U) is glven in table VIX., A value of 4 = 1.L
vas assuwed to hold for the temxpereture range thuat is
included tn table VII.

e coefficlent of viscosity p was ccomputsd from
the formula '

('fi"(")

- 2D

_ 2.318 3/
0% T + 216
Tyuation (27) wss obtalined from reference O by senverting
the agquation glven therein to the Englicsh system_<{ units

und by starting with a velue of u = 35.725 X 197 con=
2lstznt wlth the standaerd seswlevel condl tione.

The kinemetic viscosity of eir v was obtainad
from the definition

—
v
@]

g

Sati!
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TENTATIVE EXTENSION OF STAEDARD ATNOSPI=RE

The NACA Special Subconmwi ttee on the Trper Atmoz=—
phere &t a meeting on June 2L, 1946 resolved that the
tentative extension of ths standard atmosphere from
65,220 to 100,000 fzet be based upon a constant compo=
sition cf the atmeosghere and an isothsermal tempsrsture
vhich are the same gs standard conditions at 65 000 f=aoty
This tentative extended isothermsl rsgion snds at
32 kilometers (apoproximetely 105,000 ft). It is possible
that a8 results of higher altitude btzmmerature soundings
become availebls end the stendard eftmosrhere ls sxtended
t2 very high altitudes the »resent recommendsation may bs
modifisde.

"he BSubcommittee glso recomrsndzd that ths veluss of
tomverature glven in the following table be considered as
marimm and winimum values occurring for ths givsesn &ltie
tudes with the varisastions bsitweon the specified joints
to be linzar:

Temperaturse
Lltitude (“C absolute)
(Ycm) Mnimum Maximum
20 1890 250
25 A KO
45 200 250

4L tentativs sxtznsion of ths stendsrd atmospheres
computed from ths equations gilvsn in anvendix B using the
rscommended iscthermal temperaturs is glven in table VIII
for eltitudes from 65,000 to 100,000 fost. All quentitic
Ziven in table VII ere included *n teble VIITI,

L:ngley Memorial &eronautical Laﬁoratory
Mational Advisory Cormittee for Asrconsutics
Langley Fisld, Vs., July 17, 1946
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APPURDIX A
STMIARY OF EAUATTONS RETATING ATRSPEED QUANTITTES

The =squatlons relatias the varlous alrspeed quantli-
tles, which are given in the present paper, are es follews:

— -

f
{ ——
o

< | 2

[l Jg

1 - l ’1‘
a =rpif1 + £ 2 V‘\ -1 for V¥ <a (41)
i o) / t

Y]
o -t
-1
a. = poif1 + < Po y 2\ -1 for V<a (42)
c 0! W Py c |
X ,
1 = 5077 (£%)
q = ffq, (al)
q =Lpu? (25)
_ P %0 .
P = Popy T (4c)
™ '\"'l ]
_ v o lza v \
£ = \ — ==+ 1 - ll (A7)
- L Q..c \ B / !
/ i w1 ]
" Poi/4 N T .
o = T T \“9 + 1} -1 (ad)
© Yt P
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/2
=<5 {(39 + 1)2/7 - 1% (£9)

g = [uE {£10)
ir a is in miles ner hour and T 1s in degrees Fahren-
rheit sbsolute

& = 33.42:,T (411)
If a 1s in knots and T 1s in degré¢es Fabhrenhelt
absolute

g = 29.02\/T (£12)

I a 1is in miles per hour and T 1s 1n cegrees (Csnti-
grade absoluts

Ll . 8lia/T (al3)

m
I

If a 1s iIn knots and T 1s in degrees Centigrade
gbsolute

a = 28.3l./7 (a1l)
V = Ma (£15)
v o= f\/_a:g?i (A16)
2G,
Ve = o 3 (A17)
v, = vol/2 =y f— (218)
~ 0

Vo (mph) = 760.9% \/% (2139)
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APPENDIX B

CONSTANTS AND EQUATIONS FOR USE IN COMPUTATICIS
CF STANDARD ATHCSFIERE
The values of the standard atmosphere given herein
are based on the following values:

Sea-level pressurs Dy = 29,921 in. Hg

07.1 in, H,0

= 2116.2 1b/Tes
Sea-level tempsrature tg = 599 F
Sea-level absolute temperature T, = 513.Lo
Sea-level density p, = 0.0C2373 slug/ft5
mravity g = 32.1730 ft/sec?

< _

Temperature gradlent %ﬁ = 0.00356617° F/e%

The altitude of the lower limit cof the isothermsl
atmosphere 35,332 ft

Specific welght of mercury at 329 ¥ = £.3.7145 1b/rt3
Specific weight of water at 59° F = (62,272l 1b/£tD

Up to the lower limit of the isothermal atuosphere (-67°
cerresponding to 35,322 ft) the tewpsrabture 1s assuamed to
decrease linearly according to the equation

gm
L

T =Tg -~ Fzh (B1)

Further, the atmosphere 1s assuned to be a cry perfect
gas that obeys the laws of Charlises and Royle, 3o that
the mass density corresponding tc the pressure snd tem-~
Peérature 1as

o T Pa oo T (B2)
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In reference 5 the pressure and altitude are related by’

Po T, Po -

rnere m

m = logloe‘

The hermonic mesan temperature T

Al

is the modulus for cowmon logerithms, that is,

_ ZAh 1
i - -
. 5 ;‘_\1'_ ALl
Tay T
avl
wh.o*-_"e TaVl’ Tav.z, TR

the altitude increments

0.b3h29l (B4)
T, 18 given by
+ Al * eee

2

= ~ (®5)
a + s o0 -

M

‘av2

are the average tesmperatures fcr
Ahl’ Ahz, L 3 R BN )
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TABLE III’
STATIC PRESSURE p 1IN POUNDS PER SIUARE FOOT FOGR VALUES OF
FRESSURE ALTITUDE hp FROM -1000 TO 100,000 FEET

Pr
alt;::gre: 0 100 200 300 Loo 500 600 700 800
h
p
-1000 |21
-0 glg% 2186 ‘2178 2170 2162 215l 2147 2139 2131
2116 |2108 {210 209 2086 20 2070 2063 2056
1000 Jaokl | 2033 |202 20 2011 20 1996 19:83 19
000 |330e |13es (ma |1 |mB |BE (M2 (RO
000 1828 1821 1830 18 1800 1 % 1787 1780 17318;
5000 1760 1231; 177 1 1? 1221 1715 1
5000 |1696 1 1683 1676 1670 1664 1658 1651 1
B S
9000 |1512 | 1506 |1i501 35 13%3 1E§§ 1272 6
10,000 é 10
11,000 135§ eoBm (BE OBB%|B ne (B |n
12,000 |1 1500 1332 1330 X 1339 1 1309 134,
12’500 3 12 g i 8 115 3 11218 121? 28 1282
15,000 1%3% 1139 113& 1180 11 170 1165 1160 115
16,000 |1 1z 113 1133 1 1123 311 1110 1110
17,000 110% 1096 h1 1 108 10; 10 1070 106
28,000 |10 052 J1 1 103 1o 105 1026 1
19,000 |10 1009 11005 1001 956.8 | 992.6 | 988.5 | 98:.3 | "980.2
20,000 o1 68.0 63, o . 1, L7, . . .
e 1) g | e g e e |
237000 8?.5:3' gsa:2 5 :g 81;1:3 nglz BZ%ZO 83&2 826.9 3
200 8315.81 816.2 | 812.7 | 8&6bs. 05. 802, 98.7 t 5. 91. .5
25,000 782..9 81 | 778.0 N3 771.; 767, 76, 76,2 7.§ .
’ g 2 5
3000 | BE-Al BIo | D | T2 | R | GRS L BLE ) £ | B3t | £l
28,000 Z%?Z!; I 5| eB1z Z%:z Z'zs.z 207211; 663.1 | 666.1 | &83.1 | 660l
29,000 657.1] 65h.2 | 651.2 6,8.3 5.0 &2, 639.5 636.6 633.7 630.9
30,000 | 628.0| 625.2 | 622. 619.5 | 616.6 | 613.8 | 611.0 | 608.2 | 605. 602.7
e | gie| B | gD Bl e | B ) o | ok | Ed | opd
o | e W2 aly) g | el | Gl gly) e | gl
7000 | BoT.8 39212 9223 129012 gag2 | @8 | 0ads | n8d | 253 | ned
2 ,000 | Lt L72.1 | L&s. L&7. L65.0 l;.sg.z 461.0 | L58.8 | L56.6 hglx-.h
,000 7 [53.2 0.1 | LL7,9 .8 » 1,6 . 137-1:- L35.5 { L33.2
28,000 21.1 ?9.1 t.z;,o ug.o i‘%’%,z !Lijil,o iﬁg% 13;17.0 );.12.0 Li3.0
39,000 Lii.0 09.1 07.1 Lo5.2 03,3 Lo1,3 399.L 975 95.6 393.7
ko, 000 391.9 | 390.0 | 388.1 386.3 38.5 382.6 380.8 379.0 377.2 3754
BB s B2 i B 0 | BB
hz:ooo 359.6 33712 23 | o | B3| B8 | Boo | B | el | 25
]Ea,ggg 32 Z 3%2'6 3%0.6 33.% 558 %g.l 3%.3 213.1 gu.g 210.%
5000 gl;,iz 29528 29?1%7 29010 28822 2871% 285:9 231;:2 2843 23?29
e |2 ap | ) aeh | opl | m | ogE | dmy | mh ) e
2000 25§:o 253.7 | 25 :? 25;:3 250.1 | 2485 ?721 2)36:6 zzz:u 221;.'2
oo | B3| bRl g2l S3p | 2283 | L3 | 82 | amy | &S| &S
,000 | 220.9 | 219.g 538:8 217:l8L 335 215:Z 211?.:7 213.7 | 212.6 | 211.6
g,ooo 210.6 | 203.% | 208.6 | 207.6 | =206. 203. zo).;.z 202.;( 202.;, 201.8
+000 200.8 | 199.8 | 198.9 135.9 197.0 13 .1 1 z i.g . 1&. 132.)4
55,000 131.h 130.2 189.6 188.7 187.8 186.9 .0 2.1 18h.2 1 %
5 '883 2.2 | 1618 11_80.8 ]1.795 1750 %ég.z ﬁg; 1 E iz‘s?; 1 8
E:ooo 12%:9 183 1?%22 16 16 1123 | 182 | 1ée: 159:;/ 158.9
9,000 %?,o% 157.; | 156.6 | 155.8 | 1ss5.1 | 1sh.y | is3.7 | 1s2.9 | 152, 151.5
o 1000 [2000 5000 14000 5000 6000 7000 8000
60,000 | 150.8 .8 t1z7.1 | 130.7 | 12h.6 | 118, 112.2 | 107.9 | 102.
0000 33.55 153.—17 g.oo ?-n.g %.26 Z}Z 73.23 66,95 65.32
,000 58,01f 55.31}1 52,72 50,2 Lr.92 3.68 L3.55 hl.%z Zﬁ?ﬁ
90,000 35,97) 3h.30| %2.70| 51.17| 29.72 | 28.33.] 27.01| 25.%5 .
160,000 23.31 ]

NATIONAL. ADVISORY
COXKITTRE FOR AERONAUTICS



NACA TN No. 1120

26.

£

RACE NUMBER
[Inz' example: ab
o

NEiEgrei gt S e e R g R el s S e e R e e

..............................................................................

o

s 0 W A D T N U A Y T R 4 1 G

T |- e o s s o v O R N 0 R I B B B A

e L L L LT
S e v P A M AR SR R A B R T
;3 © |- R T T Y e R e R R R R S
1 |- R O T T T Y S R N B N A

----------------------------------------------------------------------------------

-------------------------------------------------------------------------------

3

42 92538 A9NAT TINEY UNRY SNARD 2AMAR SRS 39994 59990 AWM SRS 2930y $OUB% RUNOY CRERR gIund £M4RS
-]

HATION!

AL ADVISORY
OOQIITTEE FOR AEBOMAUTIOS



27

1120

NACA TN No.

TABIE V
SPEED OF SOUND FOR VARIOUS VALUES OF FREE-AIR

TEMPERATURE IN DEGREES FARREMHEIT
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TABLE VIIT
FROFERTIES OF THE TENTATIVE STANDARD-ATHOSFHERE RXTENSION
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